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ABSTRACT 

This document reports the analyses and results of a 24-month coupon test 
program to evaluate the decomposition of hydrazine by metallic components of 
propellant tanks. The propellant fuel evaluated was monopropellant-grade 
hydrazine (N2H4), which is normally a colorless, fuming, corrosive, strongly 
reducing liquid. The degree of hydrazine decomposition war determined by means 
of chemical analyses of the liquid and evolved gases at the end of the test 
program. The experimental rates of hydrazine decomposition were determined to 
be w ~ ~ h i n  acceptable limits. 

The propellant tank materials and paterial combinatious were not degraded 
by a 2-year exposure to hydrazine propellant. This was verified using change- 
of-weight determinations and microscoyic examination of the specimen surfaces 
before and after exposure, and by posttest chemical analyses of hydrazine 
liquid for residual metal content. 
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SECTION I 

INTRODUCTION 

A. COUPON TEST PROGRAM 

The Coupon Test Program has been an investigation of the reactive compati- 
bility of hydrazine with various metallic components of a propellant storage 
tank. The hydrazinelmaterial compatibility research reported here was 
performed by the Jet Propulsion Laboratory (JPL), California Institute of 
Technology (Caltech), under Contract NAS7-198 with the National Aeronautics 
and Space Administration (NASA) for the United Kingdom Treasury and Supply 
Delegation (UKTSD) in accordance with the UKTSD Letter Agreement F-2479, dated 
July 5 ,  1979. 

This coupon test program is an extension of the ongoing JPLINASA long-term 
propellantlmaterial compatibility program. The same procedures, test methods, 
and test facilities developed under the JPLINASA program have been applied to 
this program. 

This document is the final report for the Coupon Test Program. An 
interim report from Program A was prepared in October 1981 (Reference 1). 

B. BACKGROUND-RELATED TECHNICAL WORK 

JPL has collaborated with other agencies on a variety of research, 
development, test, and evaluation projects. The laboratory, with its Pasadena 
facility and Edwards Test Station (ETS) at Edwards Air Force Base, California, 
maintains an institutional capability and technical expertise in evaluating and 
testing Earth- and space-storable liquid propellants and materials for space- 
craft propulsion system applications. Specifically, JPL has been investigating 
material compatibility involving Earth-storable propellants, including hydra- 
zine, since 1962 under sponsorship of the NASA Offices of Aeronautics and 
Space Technology (OAST) and of Space Sciences (OSS). The details of the JPL 
material compatibility program and interim experimental results of the long- 
term storage testing are reported in References 2 and 3. The long-term 
exposure testing continues, and the accumulated time for some test specimens 
exceeds 12 years. 

The results obtained have provided reliable data for designing and 
qualifying chemicel propulsion systems and components for long-life spacecraft. 
The work performed has directly supported the early JPL planetary flight 
projects such as Ranger, Surveyor, and Mariner, and the Viking 1975 and Voyager 
1977 (Jupiter-Saturn-Uranus). 

The general technology areas involved are propellant chemistry, metal- 
lurgy, long-term (10-year) propellantlmaterial compatibility, metal fracture/ 
toughness characteristics, and fracture mechanics design of pressurized 
systems. Typical Earth-storable propellants are hydrazine, refined-grade 
hydrazine (monopropellant grade), hydrazine-hydrazine nitrate, monomethylhydra- 
zine, and nitrogen tetroxide. Spacecraft propulsion system materials include 
aluminum alloys, corrosion-resistant steels (CRES), titanium alloys, and 
elastometric materials, for example, AF-E-332. 



C. OBJECTIVES OF THE COUPON TEST PROGRAM 

The o v e r a l l  o b j e c t i v e  of t h e  coupon t e s t  program was t o  v e r i f y  t h e  long- 
term c o m p a t i b i l i t y  of hydrazine a c t u a t i o n  system (HAS) p r o p e l l a n t  t ank  
m a t e r i a l s  and o t h e r  m a t e r i a l  combinations wi th  monopropellant-grade hydrazine.  
To accomplish t h i s  o v e r a l l  o b j e c t i v e ,  t h e  program was d iv ided  i n t o  two p a r t s .  

Program A was in tended t o  e v a l u a t e  short- term c o m p a t i b i l i t y  of t h e  
secondary p r o p e l l a n t  containment system shown i n  Figure  1-1. I t  should  be 
noted t h a t  t h e  secondary containment system w i l l  be exposed t o  hydrazine  on ly  
i f  t h e r e  is leakage from t h e  primary containment system. The program 
o b j e c t i v e s  were: 

( 1 )  Determine r a t e s  of hydrazine decomposition a t  43OC by means of 
p r e s s u r e  r i s e  moni tor ing throughout t h e  term of t h e  t e s t  program. 

( 2 )  Verify  t h a t  p r e s s u r e  containment m a t e r i a l s  and m a t e r i a l  
combinations a r e  not  degraded by 61nonth exposure t o  hydrazine  
p r o p e l l a n t ,  us ing  weight de te rmina t ions  and microscopic examination 
of specimen s u r f a c e s ,  a f t e r  exposure. 

Program B was in tended t o  e v a l u a t e  long-term compat ib i l - i ty  of t h e  primary 
p r o p e l l a n t  containment system shown i n  Figure  1-1. The program o b j e c t i v e s  
were: 

( 1  Determine r a t e s  of hydrazine  decomposit ion a t  43OC and 60°c by 
moni tor ing p r e s s u r e  r i s e  throughout t h e  term of t h e  t e s t  program. 

( 2 )  Determine degree of hydrazine decomposition by means of chemical  
a n a l y s i s  of l i q u i d  and evolved gases  a t  t h e  end of t h e  test prGsram. 

(3)  Ver i fy  t h a t  primary containment m a t e r i a l s  and m a t e r i a l  combinations 
were not  degraded by 2-year exposure t o  hydrazine p r o p e l l a n t ,  us ing  
weight de te rmina t ions  and microscopic examination of specimen 
s u r f a c e s ,  a f t e r  exposure,  and a l s o  by p o s t t e s t  chemical a n a l y s i s  of 
hydrazine  l i q u i d  f o r  metal  content .  

D. MATERIAL COUPON SOURCE 

The m a t e r i a l  coupons used i n  t h i s  program were provided by t h e  UKTSD. 
They were obta ined from s e c t i o n s  c u t  o u t  of a HAS tank f a b r i c a t e d  by B e l l  
Aerospace Div i s ion  of Textron (BAT). A t o t a l  of 82 coupons from 26 d i f f e r e n t  
l o c a t i o n s  a r e  l i s t e d  i n  Table 1.' The l cca r -ons  on t h e  tank from which t h e  
coupons were c u t  a r e  shown i n  Figure  1-2. Each coupon was processed,  weighed, 
c leaned,  and i n d i v i d u a l l y  s e a l e d  i n  a p l a s t i c  bag by BAT before  d e l i v e r y  t o  
JPL. The coupons remained s e a l e d  u n t i l  they were removed end placed 
immediately i n t o  g l a s s  capsule  t e s t  u n i t s  prepared a t  JPL. 

l ~ l l  t a b l e s  a r e  conta ined i n  Sec t ion  V. 

1-2 
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SECTION I1 

TEST PROCEDURES 

A. TEST UNIT PREPARATION 

Eighty-two hermetically sealed, glass-encapsulated test units were 
prepared by JPL with the materials specified and in accordance with the 
priorities established by the sponsor. All units were prepared in accordance 
with the procedures shown in Figure 2-1. 

The test requirements for this pogram were specifier! in JPL Proposal 
90-965, Revision 2, October 11, 1978 and are summarized below. 

(1) Purified hydrazine (VL-75 grade) was supplied by JPL. Pretest 
analysis of this propellant .s shown in Appendix A. This 
propellant met the BAT material specification (Reference 4). 

(2) All test coupons were supplied by UKTSD, together with appropriate 
docunentaticn prepared by BAT. For Program A, 38 coupons were 
c?esignatc.d; for Program B, 44 coupons were designated. The 
distribution of coupons by test storage temperatures was also 
designated. 

(3) The test containers were Pyrex capsules, as described in 
Reference 2, and designed to have an internal volume, when sealed, 
of about 80 cm3. Figure 2-2 is a photograph of a typical test 
unit. 

Test equipment, instrumentation, and techniques duplicated those employed 
in the JPL 10-year test program and reported in Reference 2. The pretest 
procedures are summarized below. 

(1) Strain gauges used to measure internal pressure buildup were mounted 
on the open capsules. A preliminary pressure calibration was used 
to check the sensitivities of the strain gauges. 

(2) Test specimens /ere installed into the clean capsules in "as 
received" condition from BAT except for the EPR-515 O-rings which 
were coated with Krytox lubricant by JPL. 

(3) Funnel necks were fused onto the capsules, with care taken not to 
overheat the strain gauges. Final pressure calibration of the 
gauges was then made. 

( 4 )  Internal volumes of the test capsules were measured by the expanding 
volt-me technique using high-purity gaseous nitrogen at ambient 
temperature. 

(5) Capsules were then loaded with enough hydrazine so that thc 
combined volume of propellant and specimen was 40 +0.5 cm3, and 
the specimen was fully immersed. Three of the spezimens were found 
to be oversized and additional quantities of hydrazine were added. 
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b. Oxygen 1 s  Region. The apparent sur face  concentrat ian of 
oxygen is approximately t he  saee (46 - +3 at.%) f o r  a l l  samples, wi th  t h e  
exception of CPR 1(24.7%). I n  t h e  ca se  of oxygen, a va r i e ty  of metal oxides  
and hydroxides cont r ibu te  t o  t h e  measured s i g n a l s  and, i n  t he  absence of 
adequate reference da ta ,  i t  is very d i f f i c u l t  t o  wke any s p e c i f i c  assignments 
t o  t h e  var ious peaks and shoulders obserrcd. It should be noted t h a t  t h e  
oxygen 1s binding energy f o r  CPR 1 is s h i f t e d  t o  a higher energy than t h a t  
observed f o r  t he  o ther  f i v e  samples, suggesting a s i g n i f i c a n t l y  d i f f e r e n t  
d i s t r i b u t i o n  of metal oxides/hydroxides f o r  t h i s  p a r t i c u l a r  sample, when 
compared t o  t he  others.  

c. Nitrogen 1 s  Region. The apparent sur face  concentrat ion of 
nitrogen is observed t o  be approximately t h e  sasle (2.8 5 . 5  at.%) f o r  a l l  s i x  
samples. The measured binding energy of t h e  ni t rogen p$ak is, f o r  a l l  samples, 
cons is ten t  with t h a t  t o  be expected f o r  protonated m i n e s  and amino polymers. 

d. Chromium 2p Region. I n  both S e t s  I and 11, t h e  apparent 
sur face  concentrat ion of chroslium f o r  t h e  samples exposed of t h e  c o n t r o l  
specimens, CPR 9 (4.3 at.%) o r  CPR 1 (C.8 at.%, anomalously 1-1. The 
predominant spec ies  present i n  a l l  samples a r e  me ta l l i c  chromium ( r e l a t i v e l y  
small) and chromium oxide o r  i.ydroxide ( r e l a t i v e l y  large) .  The r a t i o  of 
me ta l l i c  t o  oxidized chromium is approximately t h e  same f o r  a l l  samples. 

e. Manganese 2p Region. I n  both S e t s  I and 11, the  apparent 
surface concentration of manganese f o r  t he  samples exposed t o  hydrazine (1.0 
+0.2 at .%) is found t o  be g rea t e r  than t h a t  f o r  e i t h e r  of t h e  con t ro l  speci- - 
mens CPR 9 (0.5 a t .%)  o r  CPR 1 (0.1 at.%, again low).  The predominant spec i e s  
present i n  a l l  samples is oxrdized manganese 3s t h e  monoxide; hydroxides may 
be present as w e l l ,  due t o  t he  c lo se  s i m i l a r i t y  of binding energies. 

f .  I ron 2p Region. The dominant sur face  spec les  present  i n  a l l  
samples a r e  me ta l l i c  i r on  and f e r r i c  oxide; i r on  hydroxides a r e  a l s o  poss ib le  
s ince  oxides and hydroxides exh ib i t  s i m i l a l  b ind i ig  energies.  I n  both S e t s  I 
and 11, the  r a t i o  of me ta l l i c  i r on  t o  oxidized i ron  is much g rea t e r  f o r  t h e  
samples subjected t o  hydrazine than f o r  t he  cont ro l  specimens. Iz Sct 11, the  
control  specimen CPR 9 has a g r e a t e r  t o t a l  i r on  sur face  concentrat ion (3.9 
at .? '  than t h a t  f o r  the  samples contacted b, hydrazine (3.1 +0.8 at.%). I n  
Set  I jus t  t he  opposite occurs; t he  t o t a l  sur face  i ron  f o r  CFR 1 (1.0 at .%) 
appears t o  be anomalously low. 

g. Nickel 2p Region. I n  a l l  cases ,  t he  primary peak i n  t he  
nickel  spectrum is due t o  me ta l l i c  nickel ;  a much less in tense  peak a t  higher  
binding energy is due t o  t he  monoxide. In  both S e t s  I and 11, t h e  apparent 
surface concentration of n icke l  was approximately t he  same (0.3 a t .%)  f o r  t h e  
samples exposed t o  hydrazine. The n icke l  concentration f o r  cont ro l  sample 
CPR 9 was somewhat lower (0.1 a t .%) ,  while f o r  CPR 1 i t  was except ional ly  low 
(0.2 at .%). 

h. Zinc 2p Region. I n  a l l  cases ,  t he  sur face  z inc  is  present  i n  
oxidized form, probably a s  the  simple oxide. In  Set  I ,  the  apparent sur face  
concentration of z inc  is approximately equal (0.2 a t .%)  f o r  a l l  t h r ee  
samples. I n  Se t  11, the cont ro l  specimen, CPR 9, shows 2 t o  3 times more z i n c  
(0.6 a t .%)  than the samples subjected t o  hydrazine. 



4. Discussioa 

Both t h e  carbon and ni t rogen binding energy spectra g ive  s t rong  
evidence of sur face  contamination by carbon-nitrogen coerpaunds such as m i n o  
polymers. I t  should be noted t h a t  although these  samples were apparent ly  
s to red  i n  polyethylene bags i n  p r e t r e a m n t  s t eps ,  t h e  f i n a l  p r e t e s t  s t e p  
cons is ted  of heat-sealing i n  nylon, a process which could r ead i ly  provide t h e  
observed amino polymers on t h e  surface.  

The anomalous r e s u l t s  f o r  con t ro l  CPR 1 were confirmed by a second run 
which gave r e s u l t s  i d e n t i c a l  t o  t h e  o r i g i n a l  run. This  speci=n w a s  more 
reduced i n  oxygen and metals  concentration, but more heavi ly  contaminated by 
carbon than any of t h e  o the r  f ~ V E  samples. Therefore, more meaningful 
comparison slay probably 'be made using CPR 9 as a con t ro l  f o r  both sets of 
samples subjected t o  hydraz ine. 

The ove ra l l  p i c tu re  is t h a t ,  upon exposure t o  hydrazine, oxidized i ron  is 
removed, leaving a sur face  r i che r  i n  t h e  pro tec t ive  chroinium oxide. A more 
thoughtful a m l y s i s  may be aided by taking i n t o  account t h e  information 
presented i n  Reference 6, and t h e  refe-ences contained therein.  

5. Scanning Electron Xicroscopy (SM) E x a m i n a t  ion 

These same specimens were then examined by SEH t o  look f o r  
d i f fe rences  i n  sur face  morphology. The sur faces  of specimens %A 005 and BA 008 
were i d e n t i c a l  i n  appearance when examined a ;  SOX and 500x magnifications. 
When compared t o  t h e  CPR 1 cont ro l ,  t he  specimens exposed t o  hydrazine appeared 
t o  have very minor sur face  p i t t i ng .  The sur faces  of specimens BA 305 and 
BA 307 a l s o  were i d e n t i c a l  and no d i f fe rences  could be seen when compared t o  
t h e  CPR 9 control.  

I n  addi t ion ,  t he  specimen BA 036, Lee plug, w a s  thoroughly examined by 
SEH because of t he  g r e a t e r  decomposition r a t e  of i ts test u n i t  compared t o  t h e  
three o the r  rep l fca tes .  A d i r e c t  c a p a r i s o n  t o  specimen con t ro l  BA 038 
indicated no differences.  

6. Conclusions 

These highly de t a i l ed  and sens i t i ve  analyses  f a i l e d  t o  i nd i ca t e  t h e  
causes f o r  d i f fe rences  observed i n  t he  r a t e s  of hydrazine decomposition 
between p a i r s  of nominally i d e n t i c a l  specimens. Soree of t he  more s u b t l e  
d i f fe rences  i n  sur face  charac te r  were unfortunately masked by t h e  presence o f  
s i g n i f i c a n t  contamination by carbon-nitrogen compounds f r m  t h e  sea led  nylon 
s torage  bags. The thickness  of t h i s  carbon-nitrogen layer  is such (<100A) 
t h a t  i t  would have no e f f e c t  on e i t h e r  t he  r a t e  of hydrazine decmpos i t ion  o r  
t he  e f f e c t  of corrosion of the  coupons. SEM examinatio.~ of t he  above-mentioned 
s i x  coupons and Lee plug BA 036 again revealed no cause f o r  t he  d i f f e r ence  i n  
decomposition ra tes .  



SECTION I V  

CONCLUSIONS 

Witn few except ions ,  mainly a t t r i b u t a b l e  t o  c a t a l y s i s ,  p o s s i b l e  
contamination,  o r  inheren t  sample-to-sample v a r i a t i o n ,  t h e  rate of hydrazine  
decomposition i n  these  tests was very low -- producing less than 1.0 c c  of g a s  
per year  per  cm2 of specimen area. 

The degree of cor ros ion  of t h e  metal coupons was v i r t u a l l y  umaeasurable 
i n  a l l  ins tances .  The e las tomer  EPR-515 d i d  not  appear  t o  degrade, and t h e  
Mylar f i l m  d i s s a l v e d  as expected. 

A. PROGRAM A: 6 MONTHS STORAGE 

The rates of hydrazine decomposition were low i n  most test u n i t s  -- less 
t h a c  1.0 cm3 gas  pe r  year  per  cm2 of specimen area .  The fol lowing were a 
few except ions  t o  t h e  low r a t e s :  

(1) 304L l i n e r d i a p h r a g m  wi th  Au-Ni brazed 308L f i l l e r  w i r e  (BA 118-121), 
1.0 t o  3.7 ~ r n 3 / ~ r / c m 2  

( a )  P o s s i b l e  c a t a l y s i s  by Au-Ni braze  

( b )  Rate based on t o t a l  coupon a rea .  

( 2 )  FEP-coated Sm-Co magnets (BA 133-134), 3.7 t o  13.2 cm3/~r/cm2 

( a )  FEP c o a t i n g  i n t a c t  

(b )  P o s s i b l e  p e r m ~ a t i o n  and c a t a l y s i s .  

( 3 )  ERP-515 O-rings 

( a )  C a t a l y s i s  by carbon black used i n  compounding e las tomer  

(b )  Very rap id  decomposition, but a r e a  r a t e  not  meaningful. 

(4) Mylar f i l m  (BA 127-128), 3.5 ~ r n ~ / ~ r / c s ~  

( a )  Film d i s so lved  

(b )  Area r a t e  not meaningful. 

The cor ros ion  of m e t a l l i c  coupons was minimal and only  very l i g h t  t a r n i s h  
was seen on a few specimens. The weight changes of coupons were n e g l i g i b l e ,  
and dissolved i r o n  i n  t h e  p rope l lan t  was almost unmeasurable. Two nonmetals 
were included i n  Program A: 



(1 )  Mylar f i l m  (BA 127-128), which d i s so lved  as expected. 

(2)  EPR-515 O-rings (BA 280-281), which appeared unchanged a f t e r  
exposure t o  hydrazine. 

B. PROGRAM B: 24 MONTHS STORAGE 

The ra es of hydrazine dec p o s i t i o n  were low i n  most test u n i t s  - less 5 than 1.0 cm gas  per year  p e r  3 of specimen area .  There were a few 
except ions  t o  low r a t e s ,  but t h e  r e s u l t s  were no t  c o n s i s t e n t :  

(1) 304L l iner ldiaphragm g i r t h  weld (BA 017), 1.3 ~ m ~ / ~ r / c m ~  

(a) Only one of f o u r  specimens produced a n  anomalously l a r g e  
volume of g a s  

(b)  P o s s i b l e  contamination o r  sample-to-sample va r ia t ion .  

( 2 )  304LLee plug (BA036), 5.2 ~ r n ~ / ~ r / c m ~  

( a )  Only one of four  specimens showed a h igh  r a t e  of decomposition 

( b )  Poss ib le  contamination o r  sample-to-sample v a r i a t i o n .  

( 3 )  304L EB weld No. 407 (BA 058-BA 059), 2.3-3.3 ~ r n ~ / ~ r / c r n ~  

( a )  Two specimens a t  43OC showed low rate of gas  formation 

(b )  r o s s i b l e  e f f e c t  of 60°C s t o r a g e  

( c )  Poss ib le  contamination o r  sample-to-sample v a r i a t i o n .  

(4 )  304L EB weld No. 406 (BA 070), 1.8 cm31yr/cm2 

( a )  Only one of two a t  60°C was high 

( b )  Poss ib le  contamination o r  sample-to-sample v a r i a t i o n .  

None of t h e  specimens appeared t o  corrode,  and only  a very l i g h t  t a r n i s h  
was seen on a few specimens. Weight changes of t h e  coupons were n e g l i g i b l e ,  
and the  d i s so lved  i r o n  i n  t h e  p rope l lan t  was almost unmeasurable. 

I n  g e a e r a l ,  t h e  r e s u l t s  of t h i s  s tudy agree  very w e l l  wi th  t h e  JPLINASA 
long-term c o m p a t i b i l i t y  program (References 2 and 3). The Wpe-304L CRES 
chosen f o r  t h e  primary containment of hydrazine i n  t h e  p r o p e l l a n t  tank appears  
t o  be e n t i r e l y  s u i t a b l e  f o r  use i n  ,ystems r e q u i r i n g  a t  l e a s t  a 2-year s e r v i c e  
l i f e .  I n  t h e  secondsry containment s i d e  of t h e  tank,  t h e  A286 CRES used i n  t h e  
ou te r  p ressure  v e s s e l  is compatible wi th  hydrazine f o r  6 t o  12 months exposure. 
The Au-Ni braze  m a t e r i a l ,  FEP-c2ated Sm-Co magnets, and t h e  EPR 515 O-rings 
have been shown t o  cause hydrazine decor+osition t h a t  could r e s u l t  i n  a n  
undesi rable  gas  pressure  buildup which must be accomodated i n  t h e  system 
design.  However, these  m a t e r i a l s  would be i n  con tac t  wi th  hydrazine only  i f  a 
leak o:curred i n  t h e  primary containment system. 



SECTION V 

DATA TABLES 

The t a b l e s  a r e ,  general ly ,  self-explanatory. The following comments a r e  
given t o  expand on c e r t a i n  topics .  

The s t r a i n  gauge da t a  shown i n  Table 2 i nd i ca t e  t h a t  t h i s  is not a reli- 
a b l e  method of determining capsule pressures  O F  less than one atmosphere. The 
s t r a i n  gauges a r e  normally ca l i b r a t ed  a t  pos i t i ve  pressure only, and a n  ex t ra -  
po la t ion  is made t o  zero pressure.  Attempts t o  c a l i b r a t e  a capsule-mounted 
s t r a i n  gauge a t  subatmospheric pressure produced r e s u l t s  t h a t  ind ica ted  random 
s h i f t i n g  of the  c a l i b r a t i o n  l i n e .  A t  pressures  g r e a t e r  than one atmosphere, 
the  s t r a i n  gauge da t a  agree very w e l l  with t he  a c t u a l  pressures  found i n  t h e  
capsules.  Pos t t e s t  r eca l ib r a t i on  of s eve ra l  capsules  i nd i ca t e s  that while t h e  
zero point may s h i f t ,  the  s e n s i t i v i t y  is  maintained during handling and 
t e s t i ng .  

The decmpos i t ion  of hydrazine i n  t he  con t ro l  capsules  (Table 4) pre- 
sumably occurs through homogeneous (bulk) c a t a l y s i s ;  g l s s s  should not a c t  a s  
an a c t i v e  sur face  f o r  hydrazine decomposition. Pur i f ied  hydrazine contains  
very l i t t l e  dissolved i r c n  ( a  known c a t a l y s t )  and, therefore ,  t h e  r a t e  of 
decomposition is predictably slow. With the  in t rcduc t ion  of a me ta l l i c  
specimen, t he re  is the  p o s s i b i l i t y  of an a c t i v e  sur face  and heterogeneous 
( sur face)  ca t a ly s i s .  I f  metal is  dissolved from the  sur face  of t he  specimen, 
i t  is poss ib le  f o r  both reac t ion  mechanisms t o  occur. Obviously, from an 
inspect ion of some of the r e s u l t s  (Tables 2 and 3), there  a r e  me ta l l i c  
sur faces  which a r e  not c a t a l y t i c a l l y  a c t i v e  towards hydrazine, e spec i a l l y  
'ope-304L CRES Alloy. 



T a b l e  1. L i s t i n g  o f  Coupon T e s t  Numbers a n d  D e s c r i p t i o n  

Test Numbm 

CPR BAT T a r  Unit 

304L Ar& di.phr.lpn 

304L1304L l i n e r l d i r ~ h ~ g m  gi& weld 

347 bunt  dbc 

304L Lee plug 

304L1304L tlnerId&phngm ouder houdng TIC weld 

304LI304L EB wold 1407 

304LI304L EB weld 1406 

308W304L rinl/dirphmgm spot welded 

304L liner 

A286 unk &ell 

A2861A.286 TIC weld 141 1 

304LIA.286 polu  TIC wdd 1417 

308L stiffening ring 

308W304L wirtldirphngm, Au-NI braze 

Mylu vnwr diw 

304Ll304L EB weld 1404, liquid oudct houdng to ank hdf 

Sunadurn-cobdr myplet, PEP coated 

1 7 4  PH, H 1050 tamper, elecuopdbhed 

1 7 4  PH, H 1050 tamper, elecoopdbhed, chromc plated 

1 7 4  PH, CH900 temper, spring 

1 7 4  PHI174 PH, TIC weld, &aft end 

lnconel902, Ni r p ~  C, Bourdon ark 

347 manifold fining 

347 cube, mm.lcd 

3471347 15rtro-a~ weld 178 

EPR 515, Pulrer wd, O d e ,  Kytox cmted 



Table 2 .  Suwnary of Analyses and Results  

C.parlc Rcmhfc 
at T a t  Temp., 

~ l c m 2  

D.Y~ 
on 

T a t  

T a t  
Temp.. 

OC 
BAT 
No. 

Teat 
Unit 

304L CRES 

CRES 347 
.1 

304L CRES LN Plug 
I 

TIC weld 

. 



Table 2. Summary of Analyses and Results (continuation 1) 

Test 
Temp., 

OC 

c.plule- 
at Ten Temp., 

~ l c m 2  

D.yr 
on 
Ten 

BAT 
No. 

Test 
Unit 

EB wdd 1406 

, 
,, 

304L CRES 

.. 
308U304L CRES 

.I 

t 

304L CRES 

1. 

. 
.* 

., 
9. 

A286 

R i n p l d W w t  
Spot weld 

,, 
,, 





Table 3 .  Detai ls  of Analyses and Results 

BAT 
No. 

T o d  
cc STP 



Table 3. Details of Analyses and Results (continuation 1) 

Carrcad 
Totd Uacarreocd fa Coamd 

cc STP cc II 10-3 r day-1 cc x 10-3 . dsy-l 
BAT 
No. 

T a t  
Unit 

BA069 

BA070 

BAO78 

BA079 

BAOSO 

BAW1 

BA300 

BA109 

B A l  10 
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APPENDIX A 

PRETEST ANALYSIS OF WDW.INE 

The pre tes t  analysis  of Drum 118367 indicated a very high pur i ty  which even 
m e t s  the  requireslsnts of the  currenr ML-P 26536C, Amendleent 2, HigL Purity 
Grade. The d m  was from JPL's supply of hydrazine a t  ETS and w a s  chosen 
because of the  low C02 content. Ihe f u l l  pre tes t  analysis  is presented i n  
the  report form contained i n  t h i s  appendix. 

The handling of the  propellant during the f i l l i n g  operation, and the  
process of remving it a f t e r  corapletion of the storage period, can influence 
the C02 content through inadvertent exposure t o  a i r .  A specia l  test capsule 
was designated a s  a C02 control  capsule. It w a s  f i l l e d  a s  par t  of a regular 
s e r i e s  of capsules being processed. After freezing and thawing, t h i s  control  
capsule was opened and the  propellant removed by the  s t a n b r d  procedure. m e  
C02 content was d e t e ~ n e d  t o  be 15 ppm, s l i g h t l y  higher tharr the 9 p p  i n  
the  or ig inal  hydrazine, but considerably lower than the 30 p p  iimit i n  the  
above-mentioned mi l i ta ry  specif icat ion.  Although t h i s  detenninatio:! was not 
normally par t  of the pos t tes t  procedure, two other  test u n i t s  were anabzed 
f o r  C02: 4081 contained 5 ppm C02; 4082 contained 19 ppol C!I2. 

The data from these three capsules indicated tha t  the procedures employed 
i n  f i l l i n g  the capsule were adequate t o  maintain the desired l o w  C02 
content. The greatest  r i s k  f o r  exposure t o  a i r  occurs during the opening of 
the capsule and removal and t ransfer  of the  hydrazine t o  the a-krsis v ia l .  



Uydruiat assay, Z by ot l@t Dote 1 

lhmlty a t  298 'K (77'~), g/cm 
3 

Particulate, =/er 3 

Toth 
&..p BJ 
Tay1orlWor.a 

Water plus soluble irpurtties, 

z by weight 

Major irpurltlcs. X by wight 

hmrmla (m3) 
Anlline (C6H51M2) 

I Toluene (C6li5CIi3) 

Carbon Dioxide (C02) 

ntrc 
ssa~+mwnn m ~ n a  88x7 
1 I 1 1 

4 b c .  10LP 
1 0 * t t )  

10 Dec. 1979 

mMH 

Other 

Sulfated Ash. X by weight 

n M 2 0 1  
(MoHn 

1,B,Cag.tlblllty 

1 of ash 

I Dlssolnd metals. p g i g  NZH4(pp) 

I Iron ,0.12 

0.62X 

< 0.1% 

Bone detected, n.d. 

Nickel i *Lulnu 

1-02 ru. 

C.42 nax. 

005% rrmt- 



, Irp 
,mylorlrCora 

nTLE 
ASSKf-WDRAZ~ JPL Drum 118367 

I dentif iutioPImstorp 

Specif iutioa 

Storagc Cantaincr JPL Drum 88367 

mTEsoaaEfEanoczs 

1. Bpdrazine rust canform with Bell Atnwpace specification 8803-947047 
Bevision A. QKdcal capositim requirements l isted in Section 3.2 
C02 requlrasrent of 50 ppm raxiora I s  critical.  

2. U/A 4078-1 and shipper E6076; hydrazine received 7 December 1979. 

3. Purified or ref- pad* bydrazlne used  PI tUSA-JPL flight projects 
"Voyager 1977-, and "Ham V a  W r  1973". Eydruime nnrrfactured by 
Uartln Marietta Corp.. Denver, Colorado, their specification STH m20, 
during CY 1973-1975 period. 
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APPENDIX B 

DETAILED UX;S OF ALL TEST WITS 

Log I is a l i s t i n g  of speciatens grouped by specimen (BAT) numbers and test 
u n i t  (JPL) numbers i n  ascending order.  The *'Material Description" column a l s o  
lists the CPR n~mber  and the  mater ia l  scheduled f o r  storage. The '*Test 
Duration" column under "Cell" g ives  t he  da t e s  of s to rage  a t  test temperature. 
The "Refrigeration" column l ists the  da t e s  f o r  p o s t t e s t  s to rage  i n  t he  f r ezze r  
before analysis .  The "Analysis Document" column lists the  JPL i n t e r n a l  
memoranda repor t ing  r e s u l t s  of analysis .  The "Remark" column lists test 
temperature (430C unless  otherwise noted), and o the r  information. 

Log 11 is a l i s t i n g  of specimens by ascending capsule  number. The 
"Capsule" column a l s o  includes t he  t o t a l  i n t e r n a l  volume of each capsule. P.e 
"Material Description" column lists the  da t e  and time of capsule f i l l i n g .  The 
capsules were then kept i n  a f r eeze r  u n t i l  t h e  d a t e  shown i n  t he  " C e l l "  
column, i.e., the  beginning of the  s torage  a t  test temperature. The "Remarks" 
column lists the  volume of hydrazine placed i n  each capsule. 
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APPENDIX C 

C02 ANALYSIS 

A. DETERMINATION OF CARBON DIOXIDE ABSORBED BY HYDRAZINE 

The general  laboratory test setup f o r  C02 ana lys i s  i s  shown schematically 
i n  Fig. C-1. The sulfamic ac id  so lu t ion  is prepared by d isso lv ing  150 g of re-  
agent grade mater ia l  i n  1.3 l i t e r  of d i s t i l l e d  water, To reduce t h e  C02 con- 
t e n t  of t h e  sulfamic ac id ,  high-purity helium, passed through Ascari te ,  i s  
bubbled through t h e  sulfamic ac id  so lu t ion  v i a  t h e  g l a s s  f r i t ,  which provides 
a f i n e  gas  d i spers ion  and e f f i c i e n t  purging. The helium gas i s  passed through 
the  sulfamic ac id  de l ivery  tube f o r  about 16 hours a t  50-60 cm3/mn. The 
e x i t  end of the  helium gas from t h e  sulfamic ac id  b o t t l e  is  protected aga ins t  
a i r  and C02 with an Ascarite tube. This Ascarite tube i s  replaced with a new 
one a f t e r  the  helium purge. With t h e  precautions ou t l ined ,  t h e  blank C02 i s  
under 2.0 ppm. 

The apparatus i s  standardized by means of a NaHC03 so lu t ion  prepared by 
d isso lv ing  0.381 g of d r ied  NaHC03 i n  1.0 l i ter  of d i s t i l l e d  water. The 
so lu t ion  is s tored  i n  g l a s s ,  and a i r  exposure i s  minimized. This s o l u t i c  4- 

vides  0.20 mg C02 per m i l l i l i t e r .  Its C02 content i s  200 ppm by weight. 

The column i s  6.0-mm-diam tubing, 3.66 m long (0.24-in.-diam, 12 f t  long) ,  
f i l l e d  with 60 t o  80 mesh F & M Polypack No. 5. This packing gives  good separ- 
a t i o n  of C02 a t  ambient temperature. The peaks a r e  sharp, permit t ing d i r e c t  
reading of t he  he ights  and eliminacing the  need f o r  peak a r ea  measurements, 
The column i s  bent i n t o  a number of 0.7- (2-f t )  sec t ions  hrranged c l o s e  
together  and contained i n  a g l a s s  jacket. The filament-type thermal 
conduct ivi ty  de tec tor  u n i t  i s  kept  a t  ambient temperature i n  a g l a s s  dewar t o  
minimize temperature f luc tua t ions .  A l.O-mV recorder  records t he  de tec tor  
output.  Helium flow i s  60 cm3/min. 

The f i r s t  s t e p  i n  t he  ana lys i s  is  the  determination of t he  blank: t h e  
C02 picked up from the  reagents  and the  system. 'he flow of t he  high u r i t y  -3 helium purge gas ,  a f t e r  passage through Ascarite,  i s  ad jus ted  t o  50 cm fmin 
by means of a flowmeter i n  the system. A 60-1 sulfamic ac id  so lu t ion  i s  run 
i n t o  t he  u n i t  v i a  t he  stopcock, The s t i r r e r  i s  adjusted t o  give vigorous 
constant  s t i r r i n g .  Once s e t ,  t h e  helium flow and s t i r r i n g  a r e  kept  f ixed  
through the  whole run. 

After addi t ion  of the  sulfamic ac id ,  the  helium gas i s  passed through the  
t r a p s  f o r  30 min t o  purge t he  system of a i r .  The C02 t r a p  i s  then immersed 
i n  l i qu id  ni t rogen t o  t he  top l eve l  of the  g l a s s  beads. The flow of helium i s  
continued f o r  20 min, a f t e r  which time the  stopcock on t h e  C02 t r a p  is 
turned t o  i s o l a t e  t he  loop on the  t rap .  

The t r ap ,  immersed i n  l i qu id  nitrogen, i s  t ransfer red  t o  the  gas chroma- 
tograph sampling system. The stopcock on the  C02 t r a p  i s  turned s o  a s  t o  
evacuate the  noncondensable gases  i n  the  t r ap  and then turned t o  i s o l a t e  t h e  
loop containing the  frozen C02. 
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The next step is to flow the helium gas through the branched leg of the 
sampling system. During this operation the liquid nitrogen is removed, and the 
C02 trap thawed with warm water. After a few minutes, the stopcock is turned 
so as to flush the C02 with helium into the chramatographic column for sepa- 
ration and assay. The blank run is repeated until consistent, low values are 
obtained. 

The standardization run is made in the same manner as the blanks, except 
that after a 5-min preliminary purge with helium, 0.50 ml of standard NaHC03 
solution is injected into the vigorously stirred sulfamic acid via the septum 
on the sulfamic acid unit. The released C02 iu frozen oct during the 20-min 
duration in the CO:, trap innnersed in liquid nitrogen. The trapped C02 
from the stacdari solution is transferred to the gas chromatographic sampling 
system. This yields a peak height for a standard of 100 ppm C02. 

The C02 in the hydrazine is similarly determined. A 1.0m1 sample is 
injected into the sulfamic acid solution via the septum, and the released 
C02 is swept out of the solution for a period of 20 mi-n. The hydrazine in- 
j e  3ns should be made rapidly with a minimum exposure to air. The sulfamic 
ac .lution is sufficient to neutralize 1.0 ml of hydrazine and should there- 
fore - , discarded after each hydrazine analysis. If another sample is to be 
run, the sulfamic acid unit is refilled, and the blank and the standard deter- 
minations are made as before. 

B. CALCULATION FOR CARBON DTOXIDE CONTENT 

The formula for determining parts per million of carbon dioxide is 

peak sample - peak blank 
peak standard - peak blank 

For hydraz+.ne, where the density can be taken as 1.0, a density correction term 
is not applied. The error due to this omission is about 1%, well within the 
+lo% precision for C02 determination when the values are under 20 ppm. - 

C . CONCLUSION 

The method described provides meaningful results for the determination of 
C02 in hydrazine or its methyl-substituted derivatives. 



APPENDIX D 

TEST COUPON PHOTOGRAPHS IN THE POSTTEST CONDITION 

Figure D-1 shows test specimens from Program A, the secondary containment 
system; Figure D-2 shows test specimens from Program B, the primary containment 
system. 
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